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(57) ABSTRACT 

A ceramic Structure includes a plurality of porous ceramic 
members each being warped, each of the plurality of porous 
ceramic members having a bonding portion and end portions 
at both ends of each of the plurality of porous ceramic 
members in a longitudinal direction of each of the plurality 
of porous ceramic members, and an adhesive provided only 
on the bonding portion between the plurality of porous 
ceramic members to connect the plurality of porous ceramic 
members except for the end portions of the plurality of 
ceramic members. 
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CERAMIC STRUCTURE, METHOD OF 
MANUFACTURING CERAMIC STRUCTURE, AND 

DEVICE FOR MANUFACTURING CERAMIC 
STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority to Japanese 
Patent Application No. 2003-382820, filed Nov. 12, 2003. 
The contents of that application are incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a ceramic struc 
ture, a method of manufacturing the ceramic structure, and 
a device for manufacturing the ceramic Structure. 
0004 2. Discussion of the Background 
0005 Particulates contained in an exhaust gas from an 
internal combustion engine of a vehicle, Such as a bus or 
track, or a construction machine or the like are harmful to the 
environment and human bodies. Thus, a ceramic structure 
Serving as a ceramic filter is used to trap the particulates and 
clean up the exhaust gas. 
0006 Japanese Patent Laid-Open Publication Nos. 2002 
102627, 2002-224,517 and 2002-219317 disclose a method 
of producing a ceramic filter as follows. First, porous 
ceramic members are fabricated. Next, with the porous 
ceramic members placed in an inclined State on a table 
having a V-shaped croSS Section, an adhesive paste which is 
a material for an adhesive paste layer is applied to two side 
Surfaces facing upward. Then, a gap holding member com 
prised of thick paper or the like is placed to form an adhesive 
paste layer. Further, other porous ceramic members are 
Stacked on the adhesive paste layer in order. A ceramic 
member assembly having porous ceramic members lami 
nated via the adhesive paste layer is constructed in this 
manner. Then, the adhesive paste layer is dried to be the 
adhesive, after which the ceramic member assembly is cut 
out into a predetermined shape, Such as a columnar shape, 
providing a ceramic block. Finally, an Outer Sealer is formed 
on the outer Surface of the ceramic block, yielding the 
ceramic Structure. 

0007 Japanese Patent Laid-Open Publication Nos. 2002 
126421 and 2002-126427 disclose a manufacturing method 
including the Steps of adhering a masking material to the end 
faces of the ceramic structure before application of the 
adhesive paste and Separating the masking material after 
application of the adhesive paste. 
0008. The contents of Japanese Patent Laid-Open Publi 
cation No. 2002-102627, Japanese Patent Laid-Open Pub 
lication No. 2002-224,517, Japanese Patent Laid-Open Pub 
lication No. 2002-219317, Japanese Patent Laid-Open 
Publication No. 2002-126421 and Japanese Patent Laid 
Open Publication No. 2002-126427 are incorporated herein 
by reference in their entirety. 

SUMMARY OF THE INVENTION 

0009. According to one aspect of the present invention, a 
ceramic structure includes a plurality of porous ceramic 
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members each being warped, each of the plurality of porous 
ceramic members having a bonding portion and end portions 
at both ends of each of the plurality of porous ceramic 
members in a longitudinal direction of each of the plurality 
of porous ceramic members, and an adhesive provided only 
on the bonding portion between the plurality of porous 
ceramic members to connect the plurality of porous ceramic 
members except for the end portions of the plurality of 
ceramic members. 

0010. According to another aspect of the present inven 
tion, a ceramic structure is produced by a process including 
providing a plurality of porous ceramic members to have a 
Space between the plurality of porous ceramic members, 
Supplying a bonding material to the Space, and hardening the 
bonding material to bond the plurality of porous ceramic 
members to each other. 

0011. According to yet another aspect of the present 
invention, a device for manufacturing a ceramic structure 
includes an assembly unit configured to accommodate a 
plurality of porous ceramic members positioned to have a 
Space between the plurality of porous ceramic members, and 
a Supply unit connected to the assembly unit and configured 
to Supply a bonding material to the Space So as to bond the 
plurality of porous ceramic members to each other. 
0012. According to yet another aspect of the present 
invention, a method of manufacturing a ceramic structure 
includes providing a plurality of porous ceramic members to 
have a space between the plurality of porous ceramic 
members, Supplying a bonding material to the Space, and 
hardening the bonding material to bond the plurality of 
porous ceramic members to each other. 
0013. According to yet another aspect of the present 
invention, a method of manufacturing a ceramic structure 
includes providing a manufacturing device including a 
assembly unit configured to accommodate a plurality of 
porous ceramic members, and a Supply unit connected to the 
assembly unit and configured to Supply a bonding material, 
assembling the plurality of porous ceramic memberS Such 
that a Space is provided between the plurality of porous 
ceramic members, Supplying a bonding material from the 
Supply unit to the Space, and hardening the bonding material 
to bond the plurality of porous ceramic members to each 
other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014) A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by refer 
ence to the following detailed description when considered 
in connection with the accompanying drawings, wherein: 
0015 FIG. 1 is a perspective view showing a ceramic 
Structure according to one embodiment of the present inven 
tion; 

0016 FIG. 2A is a perspective view showing the ceramic 
member which serves as a filter; 

0017 FIG. 2B is a cross-sectional view of the porous 
ceramic member on the line IIB-IIB of FIG. 2A; 
0018 FIG. 3 is an explanatory diagram illustrating a 
method of manufacturing a ceramic block; 
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0019 FIG. 4A is a front view of a ceramic structure 
according to one embodiment of the present invention; 
0020 
0021 FIG. 5 is a cross-sectional view of the ceramic 
structure in FIG. 4A on the line V-V; 

FIG. 4B is a side view of the ceramic structure; 

0022 FIG. 6A is a cross-sectional view of a porous 
ceramic member of the ceramic structure; 
0023 FIG. 6B is a cross-sectional view of a porous 
ceramic member in the form of a ceramic foam; 
0024 FIG. 7 is an exemplary diagram showing a crack 
production in a porous ceramic member without an adhe 
Sive-layer unfilled portion; 
0.025 FIG. 8A is an exemplary diagram showing a 
method of measuring warping of the porous ceramic mem 
ber; 
0.026 FIG. 8B is an exemplary diagram showing another 
method of measuring the warping of the porous ceramic 
member and showing the X-axis and y-axis, 
0.027 FIG. 9A is a diagram showing the ceramic struc 
ture according to one embodiment of the invention; 
0028 FIG. 9B is a diagram showing an example of a 
ceramic Structure having misaligned porous ceramic mem 
bers; 

0029 FIG. 10 is a cross-sectional view of the ceramic 
structure shown in FIG. 9A on the line X-X; 
0030 FIG. 11 is a block diagram illustrating a method of 
manufacturing a ceramic structure according to one embodi 
ment of the present invention; 
0031 FIGS. 12A to 12F are process diagrams illustrat 
ing, Step by Step, the method of manufacturing a ceramic 
Structure, 

0.032 FIG. 13A is a cross-sectional view perpendicular 
to the longitudinal direction of a device for manufacturing a 
ceramic Structure according to one embodiment of the 
present invention; 
0033 FIG. 13B is a cross-sectional view parallel to the 
longitudinal direction of the device; 
0034 FIG. 14 is a schematic illustration showing a 
ceramic Structure used in a temperature cycle test; 

0035 FIGS. 15A and 15B are schematic illustrations 
exemplarily showing a method of testing the extrusion 
Strength of a ceramic structure; 
0.036 FIG. 16A is a photograph showing a surface of a 
ceramic Structure of Reference Example 9; and 
0037 FIG. 16B is a photograph showing a surface of a 
ceramic Structure of Comparative Example 1. 

DESCRIPTION OF THE EMBODIMENTS 

0038. The embodiments will now be described with 
reference to the accompanying drawings, wherein like ref 
erence numerals designate corresponding or identical ele 
ments throughout the various drawings. 
0.039 FIG. 1 is a perspective view showing a ceramic 
Structure according to one embodiment of the present inven 
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tion, FIG. 2A is a perspective view showing a porous 
ceramic member which serves as a filter, and FIG. 2B is a 
croSS-Sectional view of the porous ceramic member on the 
line IIB-IIB of FIG. 2A. 

0040. A honeycomb filter, like a ceramic structure 10 as 
shown in FIG. 1, has a plurality of porous ceramic members 
30 of silicon carbide or the like connected via adhesives 14, 
forming a ceramic block 15, and an outer sealer 13 formed 
on the outer Surface thereof AS shown in FIGS. 2A and 2B, 
the porous ceramic member 30 has multiple through holes 
31 that extend in the longitudinal direction of the porous 
ceramic member 30, and partitions 33 which set the through 
holes 31 apart from one another. The partitions 33 are 
configured to filter out particulates in a gas entered from the 
through holes 31. The through holes 31 formed in the porous 
ceramic member 30 are sealed by sealing materials 32 
alternately at the end portion on the inlet Side of the exhaust 
gas or at the end portion on the outlet Side thereof as shown 
in FIG. 2B, and the exhaust gas which has entered one 
through hole 31 passes through the partitions 33 Separating 
this through hole 31 from the adjoining through holes 31 and 
flows out through the adjoining through holes 31 as indi 
cated by an arrow A in FIG. 2B. 
0041 When the ceramic structure 10 with such a struc 
ture is disposed in the exhaust passage of an internal 
combustion engine in an exhaust gas clean-up apparatus, 
particulates in the exhaust gas exhausted from the internal 
combustion engine are trapped by the partitions 33 as they 
pass through the ceramic structure 10, and thus the exhaust 
gas is cleaned up. 
0042. For example, a ceramic structure 10 as shown in 
FIG. 1 can be manufactured as follows. First, porous 
ceramic members 30 are fabricated. Next, as shown in FIG. 
3, with the porous ceramic members 30 placed in an inclined 
State on a table 60 having a V-shaped croSS Section, an 
adhesive paste which is a material for an adhesive paste 
layer 61 is applied to two side surfaces 30a and 30b facing 
upward. Then, a gap holding member comprised of thick 
paper or the like is placed to form an adhesive paste layer 61. 
Further, other porous ceramic members 30 are stacked on the 
adhesive paste layer 61 in order. A ceramic member assem 
bly having porous ceramic members 30 laminated via the 
adhesive paste layer 61 is constructed in this manner. Then, 
the adhesive paste layer 61 is dried to be the adhesive 14, 
after which the ceramic member assembly is cut out into a 
predetermined shape, Such as a columnar shape, providing a 
ceramic block 15. Finally, an outer sealer 13 is formed on the 
outer Surface of the ceramic block 15, yielding the ceramic 
structure 10. 

0043. When the ceramic structure 10 is manufactured by 
this method, however, the adhesive paste applied to the Side 
Surfaces of the porous ceramic member 30 may leak out to 
the end face portions of the porous ceramic member 30 at the 
Step of constructing the ceramic member assembly. The 
leaked paste adheres to the portions where through holes 31 
are formed, blocking the through holes 31. When the adhe 
sive paste blocks the through holes 31, the through holes 31 
may be clogged, which may degrade the filter function of the 
ceramic structure 10. 

0044) Referring to FIGS. 4A to 6B, a ceramic body 10 
according to one embodiment of the present invention will 
be described in more detail. FIG. 4A is a front view of the 
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ceramic structure 10, and FIG. 4B is a side view of the 
ceramic structure 10. The ceramic structure 10 has porous 
ceramic members 30 that are warped and connected together 
via adhesives 140. An outer sealer 13 is formed on an outer 
Surface SA. The outer Sealer 13 has a Sealing capability to 
inhibit the leakage of the exhaust gas when the ceramic 
structure is adapted to an exhaust gas filter. FIGS. 4A and 
4B illustrate the ceramic structure 10 having a columnar 
shape, but the shape of the ceramic Structure 10 is not 
particularly limited. 
004.5 FIG. 5 shows the cross section of the ceramic 
structure 10 on line V-V of FIG. 4A. The porous ceramic 
members 30 are each warped in a direction substantially 
perpendicular to the longitudinal direction (the direction 
along the X-axis shown in FIG. 5) of each of the porous 
ceramic members 30. As shown in FIG. 5, the porous 
ceramic members 30 have top surfaces ST and bottom 
Surfaces SB having a curvature in the vertical direction (the 
direction along the y-axis), and the porous ceramic members 
30 positioned adjacent to each other in the vertical direction 
are bent toward or away from each other. 
0046. Here, the direction of the curvature of the porous 
ceramic members 30 is not limited to the vertical direction 
as shown in FIG. 5, but the curvature direction also includes 
the directions along the y-axes shown in FIG. 8B, as long as 
the porous ceramic members 30 are each warped in a 
direction Substantially perpendicular to the longitudinal 
direction (the direction along the x-axis in FIG. 8B). 
0047 Since the porous ceramic members 30 are warped 
as Such, the porous ceramic members 30 leSS easily come out 
of the ceramic structure 10. The adhesives 140 are not 
entirely filled in the Space between the porous ceramic 
members 30, and adhesive unfilled portions (hereinafter, 
referred to as “unfilled portions”) 143 are present at end 
faces SI and SO of the ceramic structure 10. The adhesives 
140 are provided only on a bonding portion 145 of each 
porous ceramic member 30, and the adhesives 140 connect 
the porous ceramic members 30 except for end portions 144 
at both ends of the porous ceramic members 30 in the 
longitudinal direction. Thus, the end portions 144 of the 
porous ceramic members 30 at one end (either the end face 
SI side or SOside) of the ceramic structure 10 are separated 
from each other by the unfilled portions 143. The end 
portions 144 of the porous ceramic members 30 are portions 
unconnected to other porous ceramic members 30 and 
correspond to the unfilled portions 143 where the adhesives 
140 are not filled in. 

0048 While omitted in FIG. 5, the detailed illustration of 
the croSS Section of each porous ceramic member 30 is given 
in FIGS.6A and 6B. FIG. 6A shows multiple through holes 
31 that extend in the longitudinal direction with partitions 33 
positioned between the through holes 31. In FIG. 6A, at the 
inlet-side and the outlet-side end faces SI and SO, the 
through holes 31 are alternately Sealed by Sealing materials 
32 at one of end portions of each through hole 31. When the 
ceramic structure 10 is employed as an exhaust gas filter, gas 
permeable partitions 33 are used, and the gas from the inlet 
Side flows as indicated by the arrow A and passes through the 
partitions 33. The particulates in the exhaust gas are trapped 
by the partitions 33. The porous ceramic member 30 as 
described above may have a honeycomb structure, which 
can increase the trapping area for particulates and is thus 
more advantageous in Shape as an exhaust gas filter. 
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0049. When the ceramic structure 10 is used as an 
exhaust gas clean-up ceramic filter, the adhesives 140 serve 
as Sealers to inhibit the leakage of the exhaust gas. 
0050 FIG. 6B is a cross-sectional view of the porous 
ceramic member 30 when the porous ceramic member 30 is 
a ceramic foam. When the porous ceramic member 30, 
which has multiple large and small voids 301 inside the 
ceramics, is used as exhaust gas clean-up ceramic filter, 
particulates in the exhaust gas are trapped on the inner walls 
of the voids 301 when the exhaust gas passes through the 
voids 301. 

0051. The following will discuss why the ceramic struc 
ture 10 shown in the cross-sectional view in FIG. 5 has 
improved rigidity against external force applied thereto. 
0052 FIG. 7 shows the cross section of a porous ceramic 
member where no adhesive unfilled portions are present at 
the end faces SI and SO. As shown in FIG. 7, when the 
pressure P is applied to the end face SI in the direction 
perpendicular to the end face SI of the ceramic structure 10 
comprised of porous ceramic members 30 that are warped as 
shown in FIG. 7, resistive force AP against the pressure acts 
on the interface between the porous ceramic members 30. 
Accordingly, the Strength of the ceramic structure 10 against 
the pressure P is supposed to be enhanced. With the ceramic 
structure 10 using the warped porous ceramic members 30, 
however, the adhesive 140 has a minimum or maximum 
thickness near the end face SI of the ceramic structure 10. 
When the adhesive 140 is thinner, the adhesion strength 
between the porous ceramic members 30 is lower. When the 
adhesive 140 is thicker, the area of the adhesive 140 which 
receives the pressure becomes larger (even with the same 
preSSure, as the area increases, the receiving force becomes 
greater). Hence, in those situations, an initial crack may be 
produced at the end face SI. It is thought that as the crack 
progresses, the Strength of the ceramic Structure 10 against 
the pressure decreases abruptly. 

0053. In the ceramic structure 10 shown in the cross 
Sectional view in FIG. 5, the elimination of the adhesive 140 
near the end face SI of the ceramic structure 10 to form the 
unfilled portions 143 more effectively prevents an initial 
crack from being produced when the perpendicular preSSure 
is applied to that end face SI, thereby improving the rigidity 
of the ceramic structure 10 against Such a pressure. 
0054 FIG. 8A illustrates the warping of the porous 
ceramic member 30. It is desirable that the amount of 
warping of the porous ceramic member 30 ranges from 
about 0.02 mm to about 2.0 mm. Within this range, the 
Strength against the pressure is improved, which is particu 
larly advantageous when the ceramic structure 10 is used as 
an exhaust gas clean-up ceramic filter. Also, the porous 
ceramic member 30 having the amount of warping of from 
about 0.1 mm to about 0.8 mm is preferred, because the 
thermal conductivity between the porous ceramic members 
30 becomes higher in this range. When the ceramic structure 
10 having such porous ceramic members 30 is used as an 
exhaust gas clean-up filter, heat accumulation in the central 
portion of the ceramic structure 10 is more effectively 
avoided. When a ceramic Structure is used as an exhaust gas 
clean-up filter, heat accumulation in the center portion of the 
ceramic Structure is problematic, Since cracking in the 
porous ceramic members of the ceramic structure may be 
caused by the difference in thermal expansion between the 
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center and peripheral portions of the ceramic structure. 
However, when the porous ceramic members 30 have the 
amount of warping of from about 0.1 mm to about 0.8 mm, 
because of the improved thermal conductivity, cracking in 
the porous ceramic members 30 is more effectively pre 
vented. Furthermore, the amount of warping in the porous 
ceramic member 30 is preferably from about 0.006% to 
about 1.0% of the longitudinal length (length of the hori 
Zontal LL-LL line shown in FIG. 6A) of the ceramic 
Structure 10. Such a range is preferred because the ceramic 
Structure 10 employed as an exhaust gas clean-up filter 
becomes Stronger against the gas preSSure. 

0.055 Here, the amount of warping of the porous ceramic 
member 30 is the amount by which a curved surface of the 
porous ceramic member 30 deviates from being flat, and is 
represented by a difference H in FIG. 8A. In FIG. 8A, the 
porous ceramic member 30 is placed such that the direction 
of the greatest warping on a side Surface SS faces upward (in 
the direction of an arrow S). The difference H is measured 
by the difference between the height C of the highest 
position (not necessarily the center) of a side Surface SS 
which has the largest warping and the height E of both ends 
of the side surface SS of the porous ceramic member 30. 
0056. For example, in the case of a ceramic member of a 
Square pole, the heights C and E as described above are 
obtained, for each of the four Side Surfaces, by measuring the 
height of an imaginary plane which passes both ends (like 
the height E) and the height of an imaginary plane which 
passes the position of the greatest warping (like the height 
C), as given in the description of the measurement of the 
flatness in JIS B0621-1984, the contents of which are 
incorporated herein by reference in their entirety. 

0057. As the cross section of the ceramic member may 
not be uniform due to chamfering R or the like done at the 
corners as shown in FIG. 8B, the amount of warping may be 
measured along a line m-m passing the center portion, M, of 
the Side that forms the outer Surface of the croSS Section. 

0.058. In the ceramic structure 10 shown in the cross 
sectional view in FIG. 5, the length, LM, of the unfilled 
portion 143 (the length from the end face of the porous 
ceramic member 30 to the adhesive 140) is preferably about 
1% to about 10% of the longitudinal length of the ceramic 
structure 10 So that the ceramic structure 10 has an excellent 
adhesion strength as mentioned above. When the amount of 
warping is about 0.02 mm to about 2.0 mm, the length LM 
of the unfilled portion 143 is desirably about 1% to about 
10% of the longitudinal length of the ceramic structure 10. 

0059. When the ceramic structure 10 is used as an 
exhaust gas clean-up ceramic filter, the length LM of the 
unfilled portion 143 is preferably about 2% to about 5% of 
the longitudinal length of the ceramic structure 10. This is 
because in this range, higher breaking Strength is achieved 
even when the ceramic Structure 10 is exposed to intense 
Vibration when discharging the exhaust gas or the heat 
cooling cycle with the exhaust gas of approximately 800° C. 
to 900 C. 

0060 FIG.9Ashows a ceramic structure 10 according to 
this embodiment of the present invention. For the compara 
tive purpose, FIG. 9B shows an example of a less desired 
ceramic structure that may be produced by the method 
shown in FIG. 3. 
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0061. When the ceramic structure 10 in FIG. 9A is 
manufactured by Supplying a paste to the Spaces between the 
porous ceramic members 30 after the porous ceramic mem 
bers 30 are put together, the porous ceramic members 30 are 
connected together via the adhesives 14 having a uniform 
thickness and are not misaligned from one another. In the 
ceramic structure shown in FIG. 9B, in contrast, misalign 
ment of the porous ceramic members and fluctuation in the 
thicknesses of the adhesives are caused. 

0062. As the porous ceramic members 30 according to 
the present embodiment have no undesirable misalignment, 
Sufficient connecting areas between the porous ceramic 
members 30 are Secured, thereby improving the connecting 
Strength and rigidity against the external force. On the other 
hand, in the example shown in FIG. 9B, since porous 
ceramic members 301 and 302 are misaligned from each 
other, the area connecting the porous ceramic memberS 301 
and 302 is reduced as indicated by “L”, and thus the ceramic 
Structure becomes more Vulnerable to external pressures. 
0063 FIG. 10 shows the cross section of the ceramic 
structure 10 shown in FIG.9A on the line X-X. The porous 
ceramic members 30 are connected together via the adhe 
sives 140 having a uniform thickness. Further, the unfilled 
portions 143 are provided at the end faces SI and SO, so that 
the end faces are not blocked by the adhesive 140. 
0064. The porous ceramic member 30 may have a hon 
eycomb structure as shown in FIG. 6A or ceramic foam as 
shown in FIG. 6B. The porous ceramic member 30 which 
has warping may be used in place of a warp-free porous 
ceramic member shown in FIG. 10. It is desirable that the 
amount of warping ranges from about 0.02 mm to about 2.0 
mm as mentioned earlier. It is advantageous that the length 
LM of the unfilled portion 143 (the length from the end face 
of the porous ceramic member 30 to the adhesive 140) 
ranges from about 1% to about 10% of the longitudinal 
length of the ceramic structure 10. 
0065. When the ceramic structure is used as an exhaust 
gas clean-up ceramic filter, the adhesives 140 serve as 
Sealers to prevent the leakage of the exhaust gas. 

0066 FIG. 11 illustrates a block diagram of a method of 
manufacturing the ceramic structure according to one 
embodiment of the present invention. FIGS. 12A to 12F 
give the illustrations of the processes in the block diagram 
of FIG. 11. First, the porous ceramic members 30 are 
fabricated (step A), then the plural porous ceramic members 
30 are put together by using a Spacer 142 to produce a 
ceramic member assembly 16 (step B). When the porous 
ceramic members 30 having warping are used, a warp 
forming step to be discussed later is performed (step A). A 
paste 1400 (bonding material) to be the adhesive 140 is 
prepared (step B"). Next, the prepared paste 1400 is supplied 
to the space 141 between the porous ceramic members 30 
(step C). Then, the paste 1400 is dried and hardened to be the 
adhesive 140 by which the porous ceramic members 30 are 
bonded to one another (step D). Further, the outer surface of 
the ceramic member assembly 16 is cut to form a predeter 
mined shape (for example, a circle in FIG. 12) (step E). A 
paste is applied to the outer Surface SA, thereby forming the 
outer sealer 13 (step F). 
0067. According to the manufacturing method illustrated 
in the block diagram in FIG. 11 and the process diagrams in 
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FIGS. 12A to 12F, a plurality of porous ceramic members 
30 are put together via the spacers 142. Hence, the mis 
alignment of the porous ceramic members 30 is more 
effectively prevented, and thus the ceramic structure 10 is 
manufactured with a higher assembling precision. Further, 
the use of the method of filling the paste 1400 in the spaces 
formed by the spacers 142 allows the adhesives 140 to be 
formed more uniformly, and therefore the ceramic structure 
10 with higher rigidity against the pressure is manufactured 
as mentioned above. 

0068. When the ceramic structure 10 according to this 
embodiment of the present invention is manufactured by the 
manufacturing method described above, the Volume or 
length LM (FIGS. 5 and 10) of the unfilled portion 143 
where the adhesive 140 is not present is adjusted by varying 
the amount of the adhesive paste 1400 to be supplied. For 
example, the amount of the adhesive paste 1400 is adjusted 
such that the adhesive paste 1400 is supplied only to the 
bonding portion 145 of each of the porous ceramic members 
30. This is therefore more advantageous in manufacturing 
the ceramic Structure 10 illustrated in the cross-sectional 
view in FIG. 5 that has the unfilled portion 143. 
0069. The method will now be described step by step. 
0070 (A. Fabrication of Porous Ceramic Member) 
0071. A ceramic compact is prepared by mixing a 
ceramic powder, a resin, a binder, a dispersion medium 
Solution, etc. to prepare a mixed composition, performing 
extrusion molding of the mixed composition, and then 
drying the acquired compact to evaporate the dispersion 
medium solution or the like. While the ceramic compact is 
comprised mainly of the ceramic powder and the binder, and 
the resin as needed, it may contain a slight amount of 
dispersion medium Solution. 
0.072 The ceramic powder is not particularly limited, and 

it is possible to use various ceramics the desirable one of 
which is Silicon carbide excellent in heat resistance and 
mechanical characteristic and a high thermal conductance. 
The particle Size of the ceramic powder is not particularly 
limited, but the ceramic powder which contracts leSS in a 
later baking process is preferable. For example, the mixture 
of 100 wt % of a powder having an average particle size of 
about 0.3 um to about 50 um or the like and about 5 wt % 
to about 65 wt % of a powder having an average particle size 
of about 0.1 um to about 1.0 um or the like is desirable. 
0073. The binder is not particularly limited, and methyl 
cellulose, carboxymethyl cellulose, hydroxymethyl cellu 
lose, polyethylene glycol, phenolic resin, epoxy resin and So 
forth, for example, are available. It is desirable that the blend 
amount of the binder ranges from about 1 wt % to about 10 
wt % or the like with respect to 100 wt % of the ceramic 
powder, for example. 

0.074 The dispersion medium solution is not particularly 
limited; for example, an organic Solvent Such as benzene, 
alcohol Such as methanol, and water are available. The 
preferable amount of the dispersion medium Solution is 
blended in such a way that the viscosity of the mixed 
composition lies within a given range, thereby adjusting the 
ceramic paste. 
0075. The ceramic paste is poured into a predetermined 
mold and Subjected to extrusion molding. The ceramic 
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compact has multiple through holes provided side by Side in 
the longitudinal direction with partitions in between. 
0076. The shape of the ceramic compact is not particu 
larly limited; for example, the ceramic compact may have 
approximately the same Shape as the porous ceramic mem 
ber 30 shown in FIGS. 2A and 2B or may be an oval 
columnar shape or a prism shape. That portion of the 
ceramic compact which is equivalent to the Sealing material 
32 is a cavity. 
0077 Next, a through hole sealing step is carried out to 
Seal the through holes of the ceramic compact into a Sealing 
pattern with a Sealing paste. At the through hole Sealing Step, 
a mask having openings formed in the Sealing pattern is 
placed against the end face of the ceramic compact and the 
Sealing paste is injected into the through holes through the 
openings of the mask, thereby Sealing predetermined 
through holes with the Sealing paste. Although the Sealing 
paste is not particularly limited, it is desirable that the 
Sealing paste is Similar to the mixed composition used at the 
time of preparing the ceramic compact or the mixed com 
position further added with a dispersion medium Solution. 
0078. Then, a degreasing step is carried out to thermally 
decompose the binding, the resin component and the like in 
the ceramic compact. At the degreasing Step, for example, 
the ceramic compact is placed on a degreasing device, which 
is in turn put into a degreasing furnace and heated at about 
400 C. to about 650 C. under the oxygen-containing 
atmosphere. As a result, the resin component Such as the 
binder is Volatilized and decomposed to Vanish, So that 
nearly the ceramic powder alone remains in the ceramic 
compact. 

0079 Next, a baking step of placing the degreased 
ceramic compact on a baking device and baking the ceramic 
compact is performed. At the baking Step, the degreased 
ceramic compact is heated at about 2000 C. to about 2200 
C. under the atmosphere of an inert gas like nitrogen or 
argon to bake the ceramic powder, thus yielding the colum 
nar porous ceramic member 30 having multiple through 
holes 31 provided side by side in the longitudinal direction 
with partitions in between, as shown in FIG. 6A. 
0080. At a series of processes from the degreasing step to 
the baking Step, it is desirable to place the ceramic compact 
on the baking device and puts the ceramic compact to the 
degreasing Step and the baking Step in that State. This is 
because the degreasing Step and the baking Step are executed 
efficiently and the ceramic compact is prevented from being 
damaged, for example, at the time when the ceramic com 
pact is placed on one device to another. 

0081. As mentioned earlier, as the porous ceramic mem 
ber 30, ceramic foam may be used. Ceramic foam may be 
prepared as follows. First, a ceramic paste is impregnated 
into urethane foam or the like. Then, the resultant Structure 
is baked at about 2000° C. to about 2200° C. to decompose 
and eliminate urethane and bake the ceramic powder. 
Through the step, the ceramic foam as shown in FIG. 6B is 
acquired. 

0082 (A': Warping Forming Step) 
0083. The ceramic backed article may be warped by 
employing a method of using a warped plate used as the 
degreasing device and the baking device and placing the 
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ceramic compact on the plate at the degreasing Step and the 
baking Step. This method allows one to obtain a desirable 
degree of warping by adjusting with the amount of warping 
of the plate. The warping of the porous ceramic member 30 
may be accomplished by physically bending the ceramic 
compact. 

0084) (B: Step of Putting Porous Ceramic Members 
Together via Spacers) 

0085. After the porous ceramic members 30 are fabri 
cated, the porous ceramic members are put together via the 
spacers 142 to form the ceramic member assembly 16 
according to the method of manufacturing the ceramic 
Structure as described above. 

0.086 The spacer 142 is used to form spaces between the 
porous ceramic members 30, and the thickness of the 
adhesive 140 between the porous ceramic members 30 is 
adjusted by varying the thickness of the Spacer 142. 

0087. The material of the spacer 142 is not particularly 
limited, and, for example, paper, an inorganic Substance, 
ceramics, an organic fiber, a resin or the like are available. 
It is however desirable that the material is not decomposed 
and eliminated by the heat applied when the ceramic struc 
ture 10 is used in order to prevent the adhesive 140 from 
being corroded by the gas that is generated at the time of 
decomposition and elimination of the material. It is to be 
noted that a material which is decomposed and eliminated 
by heat may be used as long as the material does not produce 
a corrosive gas. Specific examples of the material for the 
Spacer 142 are cardboard, graphite, Silicon carbide and the 
like. Alternatively, the same material as used for the adhe 
sive 140 and with the thickness adjusted beforehand may be 
used as the Spacer 142. 

0088. The spacer 142 may have a viscosity or an adhesive 
property, or may be a layer of a Viscous or adhesive material 
formed on both sides of a base made of any one of the 
aforementioned materials. The use of the Spacer 142 having 
a Viscosity or an adhesive property allows the ceramic 
member assembly 16 having the porous ceramic members 
put together outside an assembly device Such as the device 
50 to be placed inside the assembly device without particu 
larly using a jig or the like for Securing the ceramic member 
assembly 16, and facilitates the Step of placing the ceramic 
member assembly 16 into the assembly device, thereby 
preventing misalignment of the porous ceramic members 30 
more effectively. 

0089. The shape of the spacer 142 is not particularly 
limited as long as it holds the porous ceramic member 30, 
and may be a columnar shape, a prism shape or the like. 

0090 The size of the spacer 142 is not particularly 
limited. When the spacer 142 is columnar, for example, it is 
desirable that the thickness ranges from about 0.5 mm to 
about 3.0 mm, for the thermal conductance of ceramics does 
not fall within that range. It is more desirable that the 
thickness of the Spacer 142 is equal to or less than about 2.0 

. 

0.091 When the spacer 142 is columnar, it is desirable 
that the diameter is about 3.0 mm to about 10.0 mm, for the 
connecting Strength of the porous ceramic members 30 is 
Secured Sufficiently. 
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0092. While the location on the porous ceramic member 
30 where the spacer 142 is placed is not particularly limited, 
it is desirable that the Spacers 142 are placed at four corners 
of the side surfaces of the porous ceramic member 30, 
because Such an arrangement connects the porous ceramic 
members 30 in parallel. 
0093. At the time of connecting the warped porous 
ceramic members 30 or the porous ceramic members 30 
having curved side Surfaces, the porous ceramic members 30 
may be connected in parallel by properly changing the 
thicknesses of the Spacers 142 at the individual positions. 
0094. At the step of placing the ceramic member assem 
bly 16 in the assembly device, the ceramic member assem 
bly 16 having plural porous ceramic 30 members put 
together via the Spacers 142 to form the ceramic member 
assembly 16 is prepared by placing the Spacers 142 between 
the porous ceramic members 30 to connect the porous 
ceramic members 30 together. 
0.095 (B': Paste Preparing Step) 
0096) The adhesive paste 1400 to be used in the filling 
Step is not particularly limited, but it is desirable that the 
adhesive paste 1400 has an excellent heat resistance, a 
relatively high thermal conductance and an adhesive prop 
erty. For example, the adhesive paste including an inorganic 
binder, an organic binder, an inorganic fiber and/or inorganic 
particles or the like is preferably used. 
0097. The inorganic binder is not particularly limited; for 
example, Silica Sol, alumina Sol and the like are available. 
Those materials may be used alone or two or more of them 
may be used together. Of the materials, Silica Sol is desirable. 
0098. The organic binder is not particularly limited, but 
hydrophilic organic polymers are desirable. Of hydrophilic 
organic polymers, polysaccharide is desirable. Specifically, 
polyvinyl alcohol, methyl cellulose, ethyl cellulose, car 
boxymethyl cellulose and the like are available. Of the 
materials, carboxymethyl cellulose is particularly desirable, 
for it enhances the fluidity of the adhesive paste 1400 at the 
time of preSS fitting and shows an excellent adhesion prop 
erty in the ordinary temperature area. 
0099. The inorganic fiber is not particularly limited; for 
example, a Silica-alumina ceramic fiber, mullite fiber, alu 
mina fiber and Silica fiber are available. Such an inorganic 
fiber, when interwound with an inorganic binder, or an 
organic binder or the like, can improve the adhesion Strength 
of the adhesive paste 1400. 
0100 While the inorganic particles are not particularly 
limited, it is desirable that the inorganic particles include 
carbide and/or nitride, for example. The carbide and nitride 
have very high thermal conductivities which can consider 
ably contribute to an improvement of the thermal conduc 
tivity of the adhesive 14. 
0101 The adhesive paste 1400 may contain a slight 
amount of water or Solvent or the like in addition to an 
inorganic binder, an organic binder, an inorganic fiber and 
inorganic particles, but Such water or Solvent or the like is 
mostly Scattered by heat or the like generated in an adhesive 
paste hardening Step to be discussed later or other StepS. 
0102) The viscosity of the adhesive paste 1400 is not 
particularly limited, but the desirable lower limit is about 40 
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Pa.s and the desirable upper limit is about 50 Pa.s. When the 
viscosity exceeds about 50 Pa.s, the adhesive paste 1400 
may not be evenly filled in the spaces 141 between the 
porous ceramic members 30 that constitute the ceramic 
member assembly 16. When the viscosity is less than about 
40 Pa.s, the press-fitted adhesive paste 1400 may leak out 
from the end faces of the ceramic member assembly 16 and 
adhered to the end faces. 

0103) (C: Paste Supplying Step) 
0104. As shown in FIG. 12C, the adhesive paste 1400 is 
Supplied in the SpaceS 141 between the porous ceramic 
members 30 that constitute the ceramic member assembly 
16. The Supplying may be carried out with the ceramic 
member assembly 16 retained in a paste Supplying cylindri 
cal assembly device to be discussed later, or the porous 
ceramic member 30 may be put together in an assembly 
device. The use of Such an assembly device is advantageous 
because the length LM of the unfilled portion 143 where the 
adhesive paste 1400 is not filled from the end face (see 
FIGS. 5 and 10) is easily adjusted by varying the amount of 
the adhesive paste 1400 to be press-fitted. The use of the 
paste Supplying cylindrical assembly device to be discussed 
later is advantageous because the device prevents the adhe 
Sive paste from being adhered to the end face portions of the 
ceramic Structure 10 without using a masking material, and 
therefore the number of StepS is reduced. 
0105 (D: Paste Drying/Hardening Step) 
0106) As shown in FIG. 12D, the adhesive paste 1400 
Supplied to the SpaceS 141 between the porous ceramic 
members 30 is hardened to form the adhesive 140 between 
the porous ceramic members 30. 
0107 At the step, the ceramic member assembly 16 with 
the adhesive paste 1400 supplied therein to heated at, for 
example, about 50° C. to about 150° C. for about one hour 
to dry and harden the adhesive paste 1400 into the adhesive 
140. 

0108 (E: Outer Surface Processing Step). 
0109) As shown in FIG. 12E, according to the method of 
manufacturing the ceramic structure 10, after the adhesive 
paste hardening Step, the outer Surface of the resultant 
Structure is cut away to the desired shape like a columnar 
shape or the like, thereby preparing the ceramic block 15. 
0110 (F: Outer Sealer Layer Forming Step) 
0111. As shown in FIG. 12F, the outer sealer 13 is 
formed on the Outer Surface SA, thus completing the proceSS 
of manufacturing the ceramic structure 10. 
0112 The method of forming the outer sealer 13 is not 
particularly limited, and, for example, one method is avail 
able which uses a Support member having rotary means, 
causes the ceramic block 15 to be Supported and rotated 
around the rotary shaft in the direction of the rotary shaft, 
applies a pat of the Sealer paste to be the outer Sealer 13 to 
the outer Surface of the rotating ceramic block 15, Spreads 
the applied Sealer paste all over the outer Surface of the 
ceramic block 15, then dries the resultant Structure at a 
temperature of about 120° C. or higher to evaporate water. 
0113. The sealer paste to be the material for the outer 
Sealer 13 is not particularly limited; for example, a paste or 
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the like having a composition Similar to the composition of 
the adhesive paste 1400 which is the material for the 
adhesive 140 is available. 

0114 FIG. 13A is a cross-sectional view exemplarily 
showing one example of a paste Supplying assembly device 
50 and the cross section of the ceramic member assembly 16 
placed on the interior portion of the paste Supplying assem 
bly device (hereinafter, simply referred to as “device') 50, 
taken along a direction perpendicular to the longitudinal 
direction of the ceramic member assembly 16, and FIG. 13B 
is a cross-sectional view exemplarily showing one example 
of the device 50 and the cross section of the ceramic member 
assembly 16 placed in the interior portion of the device 50, 
taken along a direction parallel to the longitudinal direction 
of the ceramic member assembly 16. The device 50 has a 
cylindrical body 501 (assembly unit) having internal space 
502 to accommodate and retain the ceramic member assem 
bly 16. A paste Supplying chamber 52 (Supply unit) is 
attached to the outer side surface of the cylindrical body 501. 
OpeningS 51 which connect the paste Supplying chamber 52 
to the internal space 502 are formed in the cylindrical body 
501, and a paste is Supplied through the openings (herein 
after, also referred to as “Supply holes' or “Supply grooves') 
51. Attached to the paste Supplying chamber 52 is an 
extrusion mechanism 503 for extruding the paste 1400. End 
plates 53 of an open/close type are attached to both end 
portions of the cylindrical body 501. When the end plates 53 
are closed to block the spaces 141 formed between the 
porous ceramic members 30 that constitute the ceramic 
member assembly 16, the adhesive paste 1400 is prevented 
from being adhered to the end faces of the ceramic member 
assembly 16. As the gas in the device 50 is discharged 
through both end faces of the device 50 at the time the 
adhesive paste 1400 is press-fitted in the device 50 at the 
adhesive paste Supplying Step, the end plates 53 include a 
material having gas permeability or an airtight material 
having air holes. According to this embodiment of the 
present invention, because of the use of the porous ceramic 
members 30, it is desirable that the end plates 53 include an 
airtight material having air holes. In this case, the gas inside 
the device 50 passes through the partitions of the porous 
ceramic members 30 as indicated by an arrow C in FIG. 
13B, and further passes through the air holes of the end 
plates 53 from the porous ceramic members 30 and leaks 
outside. Referring to FIGS. 13A and 13B, when a material 
having air holes is used for the end plates 53, the flow of the 
adhesive paste 1400 press-fitted is indicated by arrows A and 
B, and the flow of the gas to be discharged outside from 
inside the device 50 is indicated by the broken-line arrow C. 
0.115. As the adhesive 140 is formed by using the device 
50, the adhesive paste 1400 is prevented from being adhered 
to the end face portions of the ceramic structure without 
using a masking material, thereby reducing the number of 
StepS. 

0116. The device 50 is not particularly limited as long as 
it has a body whose outer Surface is provided with the paste 
Supplying chamber 52 communicating with the interior 
portion via the Supply holes (or the Supply grooves) 51 and 
inside of which the ceramic member assembly 16 can be 
built up. For example, an assemble type jig which can be 
disassembled, an integrated jig, or a jig whose interior 
portion has a predetermined size and/or a predetermined 
shape Such as a cylindrical shape may be used. Another jig 
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whose interior portion has a changeable size and/or a 
changeable shape, So that as its inner Surface is narrowed, 
the ceramic member assembly 16 is tightened. The device 50 
may be an assemble type to permit removable of the paste 
Supplying chamber 52. 
0117. When the device 50 is a dismantlable assembling 
type jig or a jig whose interior portion has a changeable size 
and/or a changeable shape, it allows one to execute the Step 
of preparing the ceramic member assembly 16 by putting 
plural porous ceramic members 30 together inside the device 
50. Of course, the ceramic member assembly 16, after 
prepared, may be placed inside the device 50. 
0118. The paste supplying chamber 52 is not particularly 
limited as long as it is a container which is provided at the 
outer Surface of the device 50 and in which the adhesive 
paste 1400 can be injected and pressed. 
0119) Although the shape, size and quantity of the supply 
holes 51 are not particularly limited, the Supply holes 51 are 
provided at positions corresponding to the SpaceS 141 
formed between the porous ceramic members 30 that con 
stitute the ceramic member assembly 16 and it is desirable 
that the Supply holes 51 are provided at given intervals in 
such a way that the spaces 141 are filled with the adhesive 
paste 140 as desired. It is more desirable that the Supply 
holes 51 are the Supply grooves 51 so as to permit uniform 
filling of the paste. 

0120) The pressure at the time of press-fitting the adhe 
sive paste 1400 into the device 50 is adequately adjusted 
according to the amount and Viscosity of the adhesive paste 
1400 to be press-fitted, and the size, positions and quantity 
or the like of the Supply holes, and suction from both end 
faces of the device 50 may be used together as needed. 
0121 The use of the device 50 permits the unfilled 
portions 143 at the end portions of the ceramic member 
assembly 16. It is advantages to provide the unfilled portions 
143 as in this embodiment of the present invention because 
when the adhesive paste 1400 is filled in all the spaces 141, 
the press-fitted adhesive paste 1400 leaks out from the end 
faces of the ceramic member assembly 16 and is adhered to 
the end faces. 

0122) The device 50 may be used in the following 
manners. As shown in FIGS. 13A and 13B, the ceramic 
member assembly 16 is assembled outside the device 50 and 
then placed and retained in the device 50. Thereafter, the 
paste 1400 is injected. Alternatively, the ceramic member 
assembly 16 is assembled inside the device 50, and then the 
paste 1400 is injected. 
0123 Referring to the following non-limiting examples, 
the above mentioned embodiment of the present invention 
will be discussed in more details. In the examples discussed 
below, the ceramic structure is used as an exhaust gas 
clean-up ceramic filter. AS the adhesive 140 Serves as a 
Sealer to prevent leakage of the exhaust gas, "Sealer paste 
1400” is also referred to as “adhesive paste 1400" and 
“sealer 140 is also referred to as “adhesive 140. 

EXAMPLE 1. 

0124 (1) 70 wt % of C. type silicon carbide powder with 
an average particle size of 10 um, 30 wt % of B type silicon 
carbide powder with an average particle size of 0.7 tim, 5 wt 
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% of methyl cellulose, 4 wt % of a dispersion agent, and 20 
wt % of water were blended and evenly mixed to prepare a 
mixed composition as a Source material. The mixed com 
position was filled in an extrusion molding machine and a 
ceramic compact with a honeycomb shape was prepared at 
the extrusion Speed of 2 cm/min. The ceramic compact has 
a shape approximately similar to that of the porous ceramic 
member 30 shown in FIG. 3, and has a size of 33 mmx33 
mmx254 mm, with the number of through holes being 
31/cm and the thickness of the partitions being 0.35 mm. In 
this example, the longitudinal length (254mm) of the porous 
ceramic member 30 is obtained by measuring the distance 
between the end face SI on the inlet side and the end face SO 
on the outlet side and is represented in FIGS. 6A and 6B by 
the length of the horizontal LL-LL line. 
0125 (2) After the ceramic compact was dried using a 
dryer, the filler paste of the same composition as the mixed 
composition was filled in predetermined through holes in the 
ceramic compact. Then, the Structure was degreased at 450 
C., and further baked at 2200 C., fabricating the porous 
ceramic member 30. As the amount of warping of the 
carbon-made degreasing/baking device used then was Set to 
0.02 mm beforehand, the amount of warping of the porous 
ceramic member 30 was set to 0.02 mm. 

0126 (3) Next, 18 wt % of silica sol (SiO content in the 
Sol: 30 wt %) as an inorganic binder, 4 wt % of carboxym 
ethyl cellulose as an organic binder, 36 wt % of a Silica 
alumina ceramic fiber (shot content ratio of 3% and a fiber 
length of 0.1 to 100 mm) as an inorganic fiber, 24 wt % of 
Silicon carbide as inorganic particles, and 18 wt % of water 
were mixed and kneaded to prepare the sealer paste 140. The 
viscosity of the sealer paste 140 was 45 Pa.s at room 
temperature. 

0127 (4) Next, a total of four spacers 142 made of a 
cardboard of 5 mm in diameter and 1 mm in thickneSS and 
having an adhesive applied to both sides were placed, one to 
one, near the four corners of the Side Surfaces of the porous 
ceramic member 30, and were secured. Specifically, the 
Spacers 142 were placed and Secured at Such positions that 
the shortest distance between the Outer Surface of the Spacer 
142 and the two sides that would form each corner on the 
side Surface became 6.6 mm. Then, 4 verticalx4 horizontal 
porous ceramic members 30 were put together via the 
Spacers 142 to make the ceramic member assembly 16. 
0128 (5) Next, the ceramic member assembly 16 was 
placed in the device 50 which had the paste supplying 
chamber 52 provided at the outer surface and whose inner 
surface portion had a size of 135 mm verticalx 135 mm 
horizontalx254 mm in length. The cylindrical device 50 had 
three Supply grooves of 5 mm wide which would connect the 
interior of the paste Supplying chamber 52 to the interior of 
the device 50, at positions corresponding to the SpaceS 141 
formed between the porous ceramic members 30 constitut 
ing the ceramic member assembly 16. The open/close type 
end plates 53 abuttable on the end faces were respectively 
attached to both end portions of the device 50, and the spaces 
141 between the porous ceramic members 30 were sealed by 
closing the end plates 53 and making the end plates 53 abut 
on both end faces of the ceramic member assembly 16. 
0129 (6) Next, the sealer paste 1400 was supplied into 
the paste supplying chamber 52 of the device 50 and was 
press-fitted into the device 50 at a pressure of 0.2 MPa, so 
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that filling the sealer paste 1400 was filled in the voids 
between the porous ceramic members 30. The amount of the 
sealer paste 1400 to be press-fitted was adjusted in such a 
way that the length from the end face of the Sealer-paste 
unfilled portion where the sealer paste 1400 was not filled, 
at either end portion of the ceramic member assembly 16 
after press fitting of the sealer paste 1400 became 1.5 mm 
(1% with respect to the entire length of the ceramic member 
assembly 16). Then, the ceramic member assembly 16 
having the sealer paste 1400 filled between the porous 
ceramic members 30 was dried at 100° C. for one hour to 
harden the sealer paste 1400 to form the sealers 14 of 1 mm 
in thickness, thereby completing the ceramic member con 
nected body. 
0130 (7) Next, the ceramic member connected body was 
cut to a column 15 of 135 mm in diameter using a diamond 
cutter, then the sealer paste 1400 was applied to the outer 
surface of the of the column 15 and dried, thereby forming 
the outer Sealer 13, made of the same composition as the 
composition of the Sealers 14, on the outer Surface, which 
completed the manufacture of the ceramic (honeycomb) 
structure 10 made of porous silicon carbide. 

EXAMPLES 2 TO 9 AND REFERENCE 
EXAMPLES 1 TO 6 

0131 The ceramic structures 10 of porous silicon carbide 
were manufactured in the same way as done for Example 1, 
except for the changes in the amount of warping of the 
porous ceramic members 30 and in the length LM of the 
Sealer-paste unfilled portion at either end portion of the 
ceramic member assembly 16 measured after preSS fitting 
the sealer paste 1400 as shown in Table 1. 
0132) The amount of warping of the porous ceramic 
members 30 was adjusted by changing the amount of 
warping of the degreasing/baking device. The length from 
the end face of the Sealer-paste unfilled portion was adjusted 
by changing the amount of the sealer paste 1400 to be 
preSS-fitted. 

EXAMPLES 1 O TO 12 AND REFERENCE 
EXAMPLES 7 AND 8 

0133. The ceramic structures 10 of porous silicon carbide 
were manufactured in the same way as done for Example 1, 
except that the amount of warping of the porous ceramic 
members 30 was changed, that the length from the end face 
of the Sealer-paste unfilled portion at either end portion of 
the ceramic member assembly 16 after press fitting of the 
sealer paste 1400 was changed, and that the thickness of the 
Spacers 142 made of a cardboard was changed to 2.0 mm, as 
shown in Table 1. 

0134) The amount of warping of the porous ceramic 
members 30 was adjusted by changing the amount of 
warping of the degreasing/baking device. The length from 
the end face of the Sealer-paste unfilled portion was adjusted 
by changing the amount of the sealer paste 1400 to be 
preSS-fitted. 

EXAMPLES 13 TO 15 AND REFERENCE 
EXAMPLES 9 AND 10 

0135 The ceramic structural bodies 10 of porous silicon 
carbide were manufactured in the Same way as done for 
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Example 1, except that at the steps (4) and (5), the ceramic 
member assembly 16 was constructed inside the device 50 
and the spaces 141 between the porous ceramic members 30 
were Sealed by closing the end plates 53 and making the end 
plates 53 abut on both end faces of the ceramic member 
assembly 16, and then the step (6) was carried out. 
0136. It is to be noted that at the step (2), the amount of 
warping of the porous ceramic member 30 was set to 0 mm 
by Setting the amount of warping of the carbon-made 
degreasing/baking device to 0 mm beforehand, and the 
length LM of the sealer-paste unfilled portion at either end 
portion of the ceramic member assembly 16 measured after 
preSS fitting the Sealer paste 1400 was varied as given in 
Table 1. 

0.137 The length from the end face of the sealer-paste 
unfilled portion was adjusted by changing the amount of the 
sealer paste 1400 to be press-fitted. 

EXAMPLE 16 

0138 (1) 70 wt % of C. type silicon carbide powder with 
an average particle size of 10 um, 30 wt % of B type silicon 
carbide powder with an average particle size of 0.7 tim, 5 wt 
% of methyl cellulose, 4 wt % of a dispersion agent, and 100 
wt % of water are blended and evenly mixed to prepare a 
mixed composition as a Source material. The mixed com 
position is impregnated into urethane foam with a size of 33 
mmx33 mmx254 mm. 

0139 (2) After the urethane foam is dried using a dryer, 
the resultant structure is degreased at 450° C., and further 
baked at 2200 C. to thermally decompose and eliminate the 
urethane foam, thus fabricating the porous ceramic member 
30 made of ceramic foam. The amount of warping of the 
porous ceramic member 30 is set to 2 mm by setting the 
amount of warping of the carbon-made degreasing/baking 
device used then is set to 2 mm beforehand. 

0140 (3) Next, 18 wt % of silica sol (SiO content in the 
Sol: 30 wt %) as an inorganic binder, 4 wt % of carboxym 
ethyl cellulose as an organic binder, 36 wt % of a Silica 
alumina ceramic fiber (shot content ratio of 3% and a fiber 
length of 0.1 to 100 mm) as an inorganic fiber, 24 wt % of 
Silicon carbide as inorganic particles, and 18 wt % of water 
are mixed and kneaded to prepare the sealer paste 1400. It 
is predicted from the experience of the inventor that the 
viscosity of the sealer paste 1400 becomes approximately 
from 30 to 50 Pa.s at room temperature. 
0141 (4) Next, a total of four spacers 142 made of a 
cardboard of 5 mm in diameter and 1 mm in thickneSS and 
having an adhesive applied to both sides are placed, one to 
one, near the four corners of the Side Surfaces of the porous 
ceramic member 30, and are Secured. Specifically, the Spac 
erS 142 are placed and Secured at Such positions that the 
Shortest distance between the outer Surface of the Spacer 142 
and the two sides that form each corner on the Side Surface 
becomes 6.6 mm. Then, 4 verticalx4 horizontal porous 
ceramic members 30 are put together via the Spacers 142 to 
make the ceramic member assembly 16. 
0142 (5) Next, the ceramic member assembly 16 is 
placed in the device 50 which has the paste Supplying 
chamber 52 provided at the outer surface and whose inner 
surface portion has a size of 135 mm verticalx135 mm 
horizontalx150 mm in length. The cylindrical device 50 has 
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three Supply grooves of 5 mm wide which connect the 
interior of the paste Supplying chamber 52 to the interior of 
the device 50, at positions corresponding to the SpaceS 141 
formed between the porous ceramic members 30 constitut 
ing the ceramic member assembly 16. 

0143 (6) Next, the sealer paste 1400 is supplied into the 
paste supplying chamber 52 of the device 50 and press-fitted 
into the device 50 at a pressure of 0.2 MPa, so that filling the 
sealer paste 1400 is filled in the spaces 141 between the 
porous ceramic members 30. The amount of the Sealer paste 
1400 to be press-fitted is adjusted in such a way that the 
length from the end face of the unfilled portion 143 where 
the sealer paste 1400 is not filled, at either end portion of the 
ceramic member assembly 16 after preSS fitting of the Sealer 
paste 1400 becomes 1.5 mm (10% with respect to the entire 
length of the ceramic member assembly 16). Then, the 
ceramic member assembly 16 having the sealer paste 1400 
filled between the porous ceramic members 30 is dried at 
100° C. for one hour to harden the sealer paste 1400 to form 
the Sealers 14 of 1 mm in thickness, thereby completing the 
ceramic member connected body. 

0144 (7) Next, the ceramic member connected body is 
cut to a columnar ceramic block 15 of 135 mm in diameter 
using a diamond cutter, then the Sealer paste 1400 is applied 
to the outer Surface of the columnar ceramic block 15 and 
dried, thereby forming the outer Sealer 13, made of the same 
composition as the composition of the Sealers 14, on the 
outer Surface, which completes the manufacture of the 
ceramic Structure 10 made of porous Silicon carbide. 
0145 For Example 16, it is expected from the results of 
measurements taken for Examples 1 to 15 that the extrusion 
Strength (the strength against the pressure) is approximately 
800 kg to 1000 kg. 

COMPARATIVE EXAMPLES 1. TO 5 

0146) With regard to the steps (1) and (2), the porous 
ceramic members were fabricated in the same manner as 
done in the Examples. 

0147 (3) Next, 15 wt % of silica sol (SiO content in the 
Sol: 30 wt %) as an inorganic binder, 5.6 wt % of carboxym 
ethyl cellulose as an organic binder, 30 wt % of a silica 
alumina ceramic fiber (shot content ratio of 3% and a fiber 
length of 0.1 to 100 mm) as an inorganic fiber, 21 wt % of 
Silicon carbide as inorganic particles, and 28.4 wt % of water 
were mixed and kneaded to prepare the sealer paste 1400. 
The viscosity of the sealer paste 1400 was 45 Pa.s at room 
temperature. 

0148 (4) Next, the masking material was adhered to the 
end faces of the ceramic structure 10. Then, the porous 
ceramic member 30 is placed inclined on the table 60 having 
a V-shaped croSS Section, the Sealer paste to be the material 
for the adhesive paste layer 61 was applied to two side 
surfaces 30a and 30b facing upward in such a way as to have 
a uniform thickness, the Spacers 142 made of thick paper or 
the like were placed on the paste, forming the adhesive paste 
layer 61. Thereafter, the other porous ceramic members 30 
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were Stacked on the adhesive paste layer 61 in order, then the 
resultant structure was dried at 100° C. for one hour to 
harden the Sealer paste, thereby forming a Sealer layer, 
yielding a ceramic member connected body having the 
lamination of plural porous ceramic members 30. The mask 
ing material was removed after application of the Sealer 
paste. 

0149 (5) Next, the ceramic structure was manufactured 
in the same way as done in the step (7) for the Examples. 

0150. The ceramic structural bodies according to the 
Examples, Reference Examples and Comparative Examples 
were evaluated by the following method. The results are 
shown in Table 1. 

0151 (1) Measurement of the Extrusion Strength After 
the Temperature Cycle Test 

0152 The ceramic structural bodies according to the 
Examples and Reference Examples were wrapped with a 
heat insulating mat made of an alumina fiber having a 
thickness of 7 mm (MAFTEC produced by Mitsubishi 
Chemical Corporation), and was tightened and Secured with 
a metal net and belt So that the heat insulating mat would not 
open (see FIG. 14) 

0153. The ceramic structural bodies were heated in an 
electric furnace to 600 C. at a temperature rising speed of 
10 C./min, were then held at that temperature for 30 
minutes, were then Subjected to the temperature cycle test to 
rapidly cool down to room temperature (20° C), and were 
then Subjected to the extrusion rupture Strength test to 
measure the extrusion Strength (the breaking strength against 
the pressure). The results are shown in Table 1. 

0154) The “extrusion strength test” in the present speci 
fication is to place the ceramic structure 10 having the 
porous ceramic members connected via the adhesive on a 
table 45, to apply an extrusion load (pressing speed of 1 
mm/min) with an aluminum jig 40 of 30 mm in diameter to 
the center porous ceramic member and to measure the 
Strength (extrusion strength) against the pressure, as shown 
in FIGS. 15A and 15B, in order to check the strength of the 
adhesive. An Instron universal testing machine (model 
5582) was used to measure the strength. 

O155 (2) Observation of Sealer 

0156 The ceramic structures 10 according to Reference 
Example 9 and Comparative Example 1 were cut and their 
Surfaces were observed. The results are shown in FIGS. 16A 
and 16B. 

O157 (3) Visual Observation of Ceramic Structure 
0158. The ceramic structures according to Examples 13 
to 15, Reference Examples 9 and 10, and Comparative 
Examples 1 to 5 were visually observed from their end faces 
to determine if there was misalignment of the porous 
ceramic members. The results are shown in Table 1. 
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TABLE 1. 

Length of Warping in porous 
ceramic ceramic member Adhesive unfilled portion 

Structure Ratio of Length Ratio of length Extrusion 
(mm) Length (mm) length (%) Scheme (mm) (%) strength (kg) Visual observation 

Reference Example 1 254 O.O2 O.OO787 Press fitting 1.77 O.7 758 
Example 1 254 O.O2 O.OO787 Press fitting 2.54 O 842 
Example 2 254 O.O2 O.OO787 Press fitting 12.7 5.0 1OOO 
Example 3 254 O.O2 O.OO787 Press fitting 25.4 O.O 832 

Reference Example 2 254 O.O2 O.OO787 Press fitting 28 O 748 
Reference Example 3 254 O.1 O.O393 Press fitting 1.77 O.7 732 

Example 4 254 O.1 O.O393 Press fitting 2.54 O 853 
Example 5 254 O.1 O.O393 Press fitting 12.7 5.0 1030 
Example 6 254 O.1 O.O393 Press fitting 25.4 O.O 854 

Reference Example 4 254 O.1 O.O393 Press fitting 28 O 740 
Reference Example 5 254 O.8 O.3149 Press fitting 1.77 O.7 710 

Example 7 254 O.8 O.3149 Press fitting 2.54 O 863 
Example 8 254 O.8 O.3149 Press fitting 12.7 5.0 11OO 
Example 9 254 O.8 O.3149 Press fitting 25.4 O.O 876 

Reference Example 6 254 O.8 O.3149 Press fitting 28 O 725 
Reference Example 7 254 2.O 0.787 Press fitting 1.77 O.7 703 

Example 10 254 2.O 0.787 Press fitting 2.54 O 870 
Example 11 254 2.O 0.787 Press fitting 12.7 5.0 1150 
Example 12 254 2.O 0.787 Press fitting 25.4 O.O 890 

Reference Example 8 254 2.O 0.787 Press fitting 28 O 700 
Reference Example 9 254 O O Press fitting 1.77 O.7 700 No misalignment 

Example 13 254 O O Press fitting 2.54 O 682 No misalignment 
Example 14 254 O O Press fitting 12.7 5.0 62O No misalignment 
Example 15 254 O O Press fitting 25.4 O.O 550 No misalignment 

Reference Example 10 254 O O Press fitting 28 O 500 No misalignment 
Comparative Example 1 254 O O Stacking on table 1.77 O.7 682 Misaligned 
Comparative Example 2 254 O O Stacking on table 2.54 O 62O Misaligned 
Comparative Example 3 254 O O Stacking on table 12.7 5.0 545 Misaligned 
Comparative Example 4 254 O O Stacking on table 25.4 O.O 503 Misaligned 
Comparative Example 5 254 O O Stacking on table 28 O 469 Misaligned 

0159 FIG. 16A shows the cross section of the adhesive 
layer (sealer layer) of the ceramic (honeycomb) structure 
according to Reference Example 9, and FIG.16B shows the 
cross Section of the Sealer layer of the ceramic (honeycomb) 
Structure according to Comparative Example 1. 

0160. As apparent from FIGS. 16A and 16B, the adhe 
Sive layer (sealer layer) of the ceramic structure acquired by 
the manufacturing method described above is relatively 
uniform and has bubbles of a more uniform shape, whereas 
the adhesive layer (sealer layer) of the ceramic structure 
acquired by the other manufacturing method is leSS uniform, 
has continuous bubbles, and is mainly Separated into the 
portion where the bubbles are formed and the portion where 
the bubbles are not formed. 

0161 FIGS. 9A and 9B are side views exemplifying the 
layout of the porous ceramic members 30 constituting the 
ceramic (honeycomb) Structure. In the ceramic (honeycomb) 
Structural bodies according to Examples 13 to 15 and 
Reference Examples 9 and 10, the porous ceramic members 
are better aligned and are laid out more accurately as 
designed as shown in FIG. 9A, whereas the ceramic (hon 
eycomb) structures according to Comparative Examples 1 to 
5, the porous ceramic members are misaligned from the 
designed layout, as shown in FIG. 9B. 
0162. It is apparent from the comparison results that the 
Sealer is filled more evenly in the ceramic (honeycomb) 
Structural bodies according to Examples 2 to 15 and Refer 
ence Examples 1 to 10 and the porous ceramic members are 
less likely to be misaligned, and the ceramic (honeycomb) 

Structures having a higher Strength is manufactured, as 
compared with the ceramic (honeycomb) structures accord 
ing to Comparative Examples 1 to 5. 
0163. In addition, it is found that when the porous 
ceramic members are warped, and Sealer-layer unfilled por 
tions are provided at the end portions of the ceramic (hon 
eycomb) Structures, the porous ceramic members are less 
likely to be misaligned and the ceramic (honeycomb) Struc 
ture has a higher Strength when the length from the end face 
of that portion to the adhesive (sealer) is about 1% to about 
10% of the length of the ceramic (honeycomb) structure in 
the longitudinal direction. 
0164. Obviously, numerous modifications and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
Scope of the appended claims, the invention may be prac 
ticed otherwise than as Specifically described herein. 

What is claimed is: 
1. A ceramic structure comprising: 
a plurality of porous ceramic members each being 

warped, each of the plurality of porous ceramic mem 
bers having a bonding portion and end portions at both 
ends of each of the plurality of porous ceramic mem 
bers in a longitudinal direction of each of the plurality 
of porous ceramic members, and 

an adhesive provided only on the bonding portion 
between the plurality of porous ceramic members to 



US 2005/0178098 A1 

connect the plurality of porous ceramic members 
except for the end portions of the plurality of ceramic 
members. 

2. The ceramic Structure of claim 1, wherein each of the 
plurality of porous ceramic members is warped in a direction 
Substantially perpendicular to the longitudinal direction of 
each of the plurality of porous ceramic members. 

3. The ceramic structure of claim 1, wherein each of the 
plurality of porous ceramic members includes: 

a plurality of through holes extending in the longitudinal 
direction and each being Sealed at one of end portions 
of each of the plurality of through holes in the longi 
tudinal direction; and 

at least one gas permeable partition positioned between 
the plurality of through holes and configured to filter 
out particles in a gas entered from the plurality of 
through holes. 

4. The ceramic structure of claim 3, wherein the plurality 
of through holes are Sealed Such that the end portions on one 
Side of the plurality of porous ceramic members are alter 
nately Sealed. 

5. The ceramic structure of claim 1, wherein each of the 
plurality of porous ceramic members comprises a ceramic 
foam. 

6. The ceramic structure of claim 1, wherein each of the 
plurality of porous ceramic members is warped in an amount 
of from about 0.02 mm to about 2.0 mm. 

7. The ceramic structure of claim 6, wherein each of the 
plurality of porous ceramic members is warped in an amount 
of from about 0.1 mm to about 0.8 mm. 

8. The ceramic structure of claim 1, wherein each of the 
plurality of porous ceramic members is warped in an amount 
of from about 0.006% to about 1.0% of a length of the 
ceramic Structure. 

9. The ceramic structure of claim 1, wherein: 
the end portions of the plurality of porous ceramic mem 

bers at one end of the ceramic Structure are Separated 
from each other by adhesive unfilled portions; and 

each of the adhesive unfilled portions has a length of from 
about 1% to about 10% of a length of the ceramic 
Structure in the longitudinal direction. 

10. The ceramic structure of claim 9, wherein: 
the end portions of the plurality of porous ceramic mem 

bers at one end of the ceramic Structure are Separated 
from each other by adhesive unfilled portions; and 

each of the adhesive unfilled portions has a length of from 
about 2% to about 5% of the length of the ceramic 
Structure in the longitudinal direction. 

11. A ceramic Structure produced by a process compris 
Ing: 

providing a plurality of porous ceramic members to have 
a Space between the plurality of porous ceramic mem 
bers; 

Supplying a bonding material to the Space; and 
hardening the bonding material to bond the plurality of 

porous ceramic members to each other. 
12. The ceramic structure of claim 11, wherein: 
each of the plurality of porous ceramic members is 
warped in a direction Substantially perpendicular to a 
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longitudinal direction of each of the plurality of porous 
ceramic members and has a bonding portion and end 
portions at both ends of each of the plurality of porous 
ceramic members in the longitudinal direction; and 

the Supplying comprises Supplying a bonding material 
only to the bonding portion Such that the plurality of 
porous ceramic members are connected to each other 
except for the end portions of the plurality of ceramic 
members. 

13. A device for manufacturing a ceramic Structure com 
prising: 

an assembly unit configured to accommodate a plurality 
of porous ceramic members positioned to have a Space 
between the plurality of porous ceramic members, and 

a Supply unit connected to the assembly unit and config 
ured to Supply a bonding material to the Space So as to 
bond the plurality of porous ceramic members to each 
other. 

14. The device of claim 13, wherein the assembly unit has 
at least one opening connecting the Supply unit and the 
Space. 

15. The device of claim 14, wherein the at least one 
opening comprises at least one groove. 

16. The device of claim 13, further comprising an end 
plate attached to each end of the assembly unit in a longi 
tudinal direction of the assembly unit, the end plate being 
gas permeable. 

17. The device of claim 16, wherein the end plate has at 
least one opening. 

18. A method of manufacturing a ceramic structure, 
comprising: 

providing a plurality of porous ceramic members to have 
a Space between the plurality of porous ceramic mem 
bers; 

Supplying a bonding material to the Space; and 
hardening the bonding material to bond the plurality of 

porous ceramic members to each other. 
19. The method of claim 18, wherein: 

each of the plurality of porous ceramic members is 
warped in a direction Substantially perpendicular to a 
longitudinal direction of each of the plurality of porous 
ceramic members and has a bonding portion and end 
portions at both ends of each of the plurality of porous 
ceramic members in the longitudinal direction; and 

the Supplying comprises Supplying a bonding material 
only to the bonding portion of each of the plurality of 
porous ceramic memberS Such that the plurality of 
porous ceramic members are connected to each other 
except for the end portions of the plurality of ceramic 
members. 

20. A method of manufacturing a ceramic Structure, 
comprising: 

providing a device including an assembly unit configured 
to accommodate a plurality of porous ceramic mem 
bers, and a Supply unit connected to the assembly unit 
and configured to Supply a bonding material; 

assembling the plurality of porous ceramic memberS Such 
that a Space is provided between the plurality of porous 
ceramic members, 
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Supplying a bonding material from the Supply unit to the 
Space; and 

hardening the bonding material to bond the plurality of 
porous ceramic members to each other. 

21. The method of claim 20, wherein the assembling 
includes providing at least one Spacer between the plurality 
of porous ceramic members. 

22. The method of claim 20, wherein the assembling 
comprises assembling the plurality of porous ceramic mem 
bers inside the assembly unit. 

23. The method of claim 20, wherein the assembling 
comprises assembling the plurality of porous ceramic mem 
bers outside the assembly unit and placing assembled plu 
rality of porous ceramic members in the assembly unit. 

24. The method of claim 20, wherein: 
each of the plurality of porous ceramic members is 
warped in a direction Substantially perpendicular to a 
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longitudinal direction of each of the plurality of porous 
ceramic members and has a bonding portion and end 
portions at both ends of each of the plurality of porous 
ceramic members in the longitudinal direction; and 

the Supplying comprises Supplying the bonding material 
only to the bonding portion of each of the plurality of 
porous ceramic memberS Such that the plurality of 
porous ceramic members are connected to each other 
except for the end portions of the plurality of ceramic 
members. 

25. The method of claim 24, wherein the supplying of the 
bonding material includes adjusting an amount of the bond 
ing material Such that the bonding material is Supplied only 
to the bonding portion. 


